This study was performed to determine the effects of a natural yeast-based feed ingredient (natural carbohydrate fraction (NCF) isolated from a specific strain of yeast) on broiler chickens, and to examine its mode of action. The trial was set up as a complete randomized design with three treatments and eight replicates (38 Ross 308 chickens per pen). Two levels of NCF, 0.2 g/kg and 0.4 g/kg, were compared to a negative control. The NCF addition increased body weight during the initial period, but this benefit was lost towards the end of the trial. Feed conversion ratio was improved significantly with 0.4 g NCF/kg (1.79 compared with 1.83 in control group). Mortality was numerically lower in the groups receiving NCF. Significant effects on caecal bacterial population were not found. Intestine length and weight were not affected by treatments, while some changes in intestine histology were found. The area described as the 'cup' of mucus-producing cells, representing the quantity of stored mucins, was significantly larger in chickens receiving NCF. Relative weights of the spleen and bursa of Fabricius did not change significantly compared with the control. The NCF can improve performance and affects mucus-producing cells. Full elucidation of the mechanisms of action requires further research.
Introduction
Yeast (Saccharomyces cerevisiae) has been used as a dietary ingredient for an extended period. Apart from its nutrient content, yeast cells, especially yeast cell wall components, have specific properties that can improve animal health. Feed ingredients based on yeast cell wall have been used increasingly in animal diets, especially after the ban on the use of antibiotic growth promoters in the EU (Castanon, 2007) . A great deal of published research documents their positive effects on animal performance (Hooge, 2004a; Miguel et al., 2004; Peri et al., 2005; Rosen, 2006; 2007a; Close & Taylor-Pickard, 2010; Žiki et al., 2011) .
The yeast cell wall is a complex structure containing mannoprotein, two -glucans and chitin (Cabib et al., 1991) . What gives the yeast cell wall its beneficial properties is still not fully understood. Both mannans and -glucans are known to be active compounds, and different modes of action are attributed to them. Yeast mannan and mannose (the structural component) block the bacterial lectins found on many Escherichia coli and Salmonella strains, and thus can prevent their adherence to the gut wall and further colonization (Spring et al., 2000) . Changes in the populations of undesirable bacteria can affect other bacterial populations, gut morphology, effectiveness of digestion and feed utilization. It has been proven that mannan also binds with aflatoxin B 1 and prevents its mutagenic and carcinogenic effect on liver cells when fed to mice (Madrigal-Santillan et al., 2009) . Krizková et al. (2001) showed that mannans from different yeasts, including S. cerevisiae, have antioxidative and antimutagenic properties in vitro. This suggests that dietary mannan can protect the gastro-intestinal tract in ways other than just removing undesirable bacteria. Muchmore et al. (1990) investigated the immuno-modulatory effects of some high-mannose oligosaccharides. All of them inhibited T-cell proliferation in vitro, and mannan from yeast cell wall was the most active of them all. It was concluded from this research that carbohydrate structures may play a role in regulating human immune response (Muchmore et al., 1990) . If so, dietary mannan may have a direct immuno-modulatory effect on animals consuming diets that contain such components. Two of the -glucans found in the yeast cell wall contain two kinds of linkages: -(1,3) and -(1,6) (Cabib et al., 1991) . One of these, the -(1,3) bond, imparts immuno-modulatory properties to certain mushrooms (Kozarski et al., 2009) . Yeast cell wall -glucans may have antioxidant, antimutagenic and antigenotoxic activities (Kogan et al., 2008) .
Bio-Mos® (Alltech Inc.) is a feed ingredient based on yeast cell wall. Its activity is commonly attributed to mannan-oligosaccharides, but this form of MOS is not pure mannan-oligosaccharide. It contains yeast cell wall fragments (Spring et al., 2000) , and can be considered a glucomannoprotein complex (Newman, 1994) . Many trials in poultry have demonstrated the effectiveness of Bio-Mos® in improving growth performance and reducing mortality (Rosen, 2007a) . Analysis of peer-reviewed literature has shown a consistent improvement in piglet, sow, broiler and turkey performance (Hooge, 2004a; Miguel et al., 2004; Close & Taylor-Pickard, 2010) when the additive has been included as a pronutrient in feed over a extended period.
More recently, a new yeast-based feed ingredient has become available: natural carbohydrate fraction (NCF), isolated from a specific strain of yeast (Actigen, Alltech Inc.). Brümmer et al. (2010) explored the effects of NCF on broiler chickens. They found a comparable effect to that observed with commercial doses of MOS when using 20 times lower concentrations of NCF (0.1 and 0.2 g NCF/kg vs. 2 and 4 g MOS/kg). However, the researchers could not determine statistically significant benefits of NCF on productive performance, although this was only a small-scale study (35 birds per treatment) and this low number may not have allowed sufficient sensitivity to the treatment within the experimental design. Additionally, the positive effects on villus-crypt parameters that are usually associated with MOS (Baurhoo et al., 2007; Žiki et al., 2008; Peri et al., 2009) were not observed with NCF-treated birds. Major effects on mucus-producing cells were found, with both their size and their number being greater. Within the scope of this small-scale study, the effect of NCF on bacterial populations and immunity were not explored.
The aim of the following study was to test the effect of NCF on broiler performance in a larger-scale trial and to examine its effect on microbiological population of gut, gut health, mucin-producing cells and the immune system of broilers.
Materials and Methods
The trial was set up as a completely randomized design, with three treatments and eight pen replicates per treatment. Nine hundred and twelve one day-old Ross 308® mixed-sex broiler chickens were obtained from a local hatchery and randomly assigned to the experimental groups, giving 38 birds per replicate. Stocking density was 15 birds/m 2 . Wheat straw was used as litter. Air temperature was adjusted in accordance with the recommendation of the genetic company. Birds were vaccinated against Newcastle disease (NCD) and infectious bursal disease (IBD) as per commercial recommendations. Feed and water were supplied ad libitum. Birds were fed a mash feed, and three diet phases were used: starter from d 1 to d 14, grower from d 15 to d 35, and finisher from d 36 to d 42. The composition of the basal diets is shown in Table 1 .
The treatments were as follows: control-basal diets with no supplementary NCF, basal diet plus 0.2 g NCF/kg and basal diet plus 0.4 g NCF/kg. Actigen (Alltech Inc.) was used as the source of NCF. The body weight of the birds was measured weekly. Feed intake was recorded for each dietary period (starter, grower and finisher) for each pen. Based on the recorded data, feed conversion ratio (FCR) was calculated for each dietary period (1 -14 d, 15 -35 d, 36 -42 d) . Mortality and culls were recorded daily. The FCR was corrected for the body weights of birds that died.
At 28 days old, 10 birds of average body weight were sacrificed from each treatment, and the following were measured: live body weight, duodenum, jejunum and ileum length, small intestine, liver, pancreas, spleen and bursa of Fabricius weights. Lengths of identified sections of the small intestine and total small intestine length were expressed as cm/100 g of live body weight, and organ weights were expressed as percentage of live body weight. Small intestine weight per length was calculated.
Tissue samples from the mid-section of the jejunum excised from the birds were washed with saline solution, placed in 10% formaldehide and, after histological procedure, stained with Alcian Blue and Periodic Acid-Schiff reagent. Jejunal histology parameters were determined using light microscope and software for image analysis (IM1000 Image Manager, Leica). A minimum of 15 measurements per bird were made for evaluation of villus height and width, crypt depth and thickness of tunica muscularis externa. Villus width was measured at three points: close to the bottom, at the midpoint and close to the tip of the villus, and the average of these three measurements was used in the statistical analysis. Villus area was calculated by multiplying villus height with average villus width. The number of goblet cells was measured per length of villus edge, with only those cells touching villus edge being counted. Goblet cells were counted on 15 sections, with an average section length of 310 m. Size of goblet cell cup was measured on at least 90 individual goblet cells (125 on average). Only clearly visible good cross-sections of goblet cells touching the villus edge were used in this analysis. Table 1 Ingredient and nutrient composition of basal diets *Actigen natural carbohydrate fraction (NCF) was added at 0.2 and 0.4 g/kg, respectively, in the experimental treatments. AME -Apparent metabolisable energy.
Samples of caecal ingesta were taken from sacrificed birds. They were homogenated in buffered peptone water, and decimal dilutions were prepared. Conventional microbiological techniques with selective agars were used for analysis. The following agars were used for determining bacterial groups: for total aerobes, nutrient agar (Merck); for total anaerobes, Wilkens-Chalgren agar (HiMedia); for lactic acid bacteria, MRS agar (HiMedia); for Bifidobacterium spp., Wilkens-Chalgren agar with recommended supplements (HiMedia); for E. coli, Chromocult Coliform agar (Merck); and for Enterococci, Chromocult Enterococci agar (Merck). Anaerobic conditions required for the cultivation of obligatory and facultative anaerobes were achieved in an anaerobic jar using Anaerocult ® A (Merck). Anaerobic conditions were Performance results were analysed using simple linear regression. Intestine and organ measurements, jejunal histology and microbiological analysis of caecal ingesta were analysed by one-way ANOVA using general linear models, and with means separated by the Duncan Multiple Range Test, using Statistica (StatSoft, Inc., version 8.0, 2008). Results were considered significant when P <0.05.
All procedures were conducted according to ethical norms proposed by the European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes, confirmed by Serbian authorities (Službeni glasnik RS-Me unarodni ugovori, 1/2010).
Results
The performance results are shown in Table 2 . Regression coefficients for body weights at all ages were not significantly different from zero (P >0.05). Regression coefficients for FCR of grower feed and FCR for whole trial period were negative and significantly different from zero (P <0.05), indicating that NCF addition improves FCR. Regression coefficient for mortality were high, negative, but, owing to high standard error, not significantly different from zero (P >0.05). The addition of NCF did not induce significant changes in microbial populations in the caecal ingesta (Table 3) . Numerically, the numbers of Bifidobacteria spp. and Enterococi spp. were larger in NCF-fed groups, while numbers of E. coli and total aerobes were lower in these groups.
The overall lengths of the small intestine and its sections were similar (P >0.05) in all groups (Table  4) . Birds from the NCF (0.4 g/kg) group had a numerically lighter small intestine. Groups receiving NCF had heavier spleens and bursas. No significant differences were observed for these parameters.
Histological parameters of the jejunum are shown in Table 5 . The expected improvements in villus height and reduction of crypt depth were not observed. On the contrary, villus height was smallest and crypt depth largest in the NCF (0.2 g/kg) group. These numeric changes led to a significant (P <0.05) reduction of villus to crypt ratio. The NCF (0.2 g/kg) group had a smaller villus area compared with the group receiving 0.4 g NCF/kg. The strongest effect noted for NCF-fed birds was the enlargement of the goblet cell cup size. It was significantly larger in both groups receiving NCF. The number of goblet cells was higher in these groups, but this effect was not significant. 
Discussion
The body weight of chickens in one NCF group was numerically larger than of the control chickens on d 14 and d 21, but this effect was not observed in later periods. This implies that NCF may have a more pronounced effect on young animals. In comparison with standardised performance targets (Aviagen, 2007) , chick performance was poor in the early phase of the trial. They reached only 80% of the target weight set for d 14, whereas at d 35 and d 42 they attained more than 90% of weight objectives. This may indicate that the birds were exposed to more stress early in the trial. This suggests that the effect of the NCF is greater in animals that are suffering from physiological or other stresses compared with animals that are in good condition.
Improvement in FCR was achieved mainly during the early period of growth, but remained significant over the entire trial period. In the trial reported by Brümmer et al. (2010) , FCR was improved in NCF-fed chickens, but the noted differences were not significant, possibly owing to the smaller number of birds in the trial. Also, in that trial, lower dosages of NCF were used (0.1 and 0.2 g/kg). The effect of NCF on survival rate of chickens could be important, but for determining a significant effect, larger trials with a more birds are needed. An enlargement of goblet cell cup size was clearly observed in this trial, as in the previous reported work with NCF (Brümmer et al., 2010) and has also been observed in trials with MOS (Baurhoo et al., 2009) . Greater cup size means that there was more mucin in the cell, which can be the result of greater mucin synthesis or slower mucin secretion. This was linked with changes in populations of Lactobacillus and Bifidobacterium spp. (Smirnov et al., 2005) , or just Bifidobacterium spp. (Baurhoo et al., 2009 ), but in this trial the population of these bacterial groups was not significantly affected by treatment. These findings could be the result of using a more sensitive method for goblet cell size analysis and a less sensitive method for microbial population analysis.
According to Morales-López et al. (2009) , yeast cell wall supplements may act as non-pathogenic microbial antigens, stimulating growth of lymphoid tissue. Relative weights of lymphoid organs of spleen and bursa of Fabricius were not altered significantly with NCF addition. Therefore, this potential mechanism of action could not be confirmed with the data from this trial. Changes in villus height and crypt depth were inconsistent, with some changes moving in the opposite direction from expected, depending on the NCF inclusion level. More research is needed to understand the effects of NCF on intestinal morphology.
Conclusion
The new yeast-based feed ingredient, NCF, can improve broiler chicken performance at low inclusion levels (0.4 g/kg), and has a greater impact on FCR than on body weight. It is confirmed that NCF affects mucus-producing cells positively, although it is not clear whether increased goblet cell cup size is connected with improved performance, and the mechanisms of action of NCF need to be explored further.
